Introduction 33
The development and application of lightweight cementitious materials have in the 34 past decades grown very rapidly and such materials are among the leading technology 35 in the "special purpose" concrete category [1] . Autoclaved aerated concrete (AAC) is 36 primarily used for making lightweight blocks to build partition walls. The lightweight 37 nature of the blocks means that they impose a minimum loading on the building and 38 provide good thermal and sound insulation [2] . Pre-fabricated panels can also be 39 made from lightweight cementitious materials with the latest innovation being hollow-40 core, interlocking panels [3] . Another useful application of lightweight cementitious 41 materials is void filling for structural stabilisation of disused structures [4] . 42
Approximately 70% of heat energy is lost through the building envelope from typical 43 residential housing without proper thermal insulation [5] , making building insulation 44 one of the fastest growing applications of lightweight cementitious materials [4] . 45 The industry has been working hard to develop eco-friendly and energy efficient 46 construction materials due to the increase in market demand. With the exception of 47 organic insulation materials, which are based on a renewable and recyclable material, 48 polymer-based insulation materials are associated with a host of environmental 49 hazards in terms of toxicity. Polymer foam materials such as polystyrene and 50 polyethylene remain very popular materials for insulation and make up almost half of 51 the market [6] . Polystyrene is classified as a possible human carcinogen [7] , and the 52 production of Expanded Polystyrene Foam (EPS) has a global warming potential 53 (GWP) 7 times greater than carbon dioxide [8] . Hence, the use of lightweight 54 cementitious materials can constitute an effective way of energy-conservation and 55 environmental-protection, particularly for the thermal-insulation engineering of 56 buildings. 57
[9] and Vacuum Insulating Panels (VIPs) [10] . However, these cannot be produced in 59 a cost-effective manner and are too fragile to meet the durability needs that are critical 60 for mainstream building products (e.g. VIPs cannot be nailed, and lose thermal 61 resistance rapidly if perforated), making them impractical solutions for today's building 62
environment. 63
There were several recent studies about lightweight foamed alkali-activated materials 64 (AAM), which are referred to as geopolymers in some literature as well, based on fly 65 low thermal conductivity [16] and good nailability [17] . Also, the appeal of being able 69 to use high volumes of industrial waste materials for the production of AAMs and thus 70 contest the environmental pollution of Portland cement is an added benefit. 71
So far, in building applications, the research into foamed alkali-activated materials 72 (FAAMs) is limited to structural grade concrete with mid-range densities of 1300-1700 73 kg/m 3 and compressive strengths of 13-15 MPa [13], [18]- [20] . Out of the few studies 74 conducted to produce high-performance FAAMs, the resulting materials possessed 75 either high insulating properties coupled with very low compressive strength [21] or 76 high compressive strength coupled with poor thermal insulating properties [16] . 77 However, to the author's best knowledge, the use of FAAMs as a high-performance 78 insulation material with high mechanical resistance and low thermal conductivity has 79 not been proven. 80
In this study, the potential of producing a high-performance FAAM made entirely from 81 tungsten mining waste and municipal waste glass which could satisfy not only thermal 82 performance but also mechanical strength requirements of similar grade products was 83 were investigated in order to improve both the thermal insulation and compressive 85 strength performance. In addition, the preparation of a FAAM using mechanically pre-86 formed foam composed of an anionic surfactant and the alkali-activator, never 87 reported in previous works, was studied. 88
Materials and Methods 89

Materials and chemicals 90
The precursor materials used to produce the FAAM in this investigation consisted of 91 tungsten mining waste (TMW) and municipal waste glass (WG). The TMW was 92 derived in powder form from the Panasqueira mine in Castelo Branco, Portugal, while 93 the WG was received from the local municipality of Covilhã, Portugal. The micro-94 morphology of the TMW and WG can be seen in our previous study [22] Firstly, essential parameters associated with the production of a FAAM were 115 investigated, namely the curing temperature and dosage of Na2O (mass ratio of total 116 Na2O in the activating solution to precursor). The optimum curing temperature and 117 dosage of Na2O in terms of density were used as benchmarks and carried forward to 118 produce the reference sample for evaluating the effects of manganese dioxide and 119
starch. 120
The mix parameters analysed through a laboratory experiment of 18 TMW-WG-FAAM 121 samples were curing temperature (40˚C, 60˚C, 80˚C and 100˚C), dosage of Na2O 122 (3.1%, 3.3% and 3.5%), wt.% of aluminium powder (3, 6 and 9), wt.% surfactant (2, 4 123 and 6), wt.% MnO2 (0.2, 0.4 and 0.6) and wt.% starch (2, 4 and 6). The TMW and WG were dry-blended in a commercial mixer at 300 rpm for five 143 minutes, forming the precursor materials. The alkali activating solution was slowly 144 added to the precursor materials and then stirred for 2.5 minutes at 200 rpm, followed 145 by 2.5 minutes at 500 rpm to form the AAM paste. The aluminium powder was 146 subsequently added to the AAM by weight of sodium hydroxide and stirred for a further 147 1 minute at 350 rpm. Plastic 4 x 4 x 16 cm 3 molds were filled with the paste in two 148 stages. The TMW-WG-FAAM was then left to rest until the foaming process was 149 complete. The rest period depended on the quantity of aluminium powder and the 150 dosage of Na2O since different combinations produced different rates of expansion. 151
Mechanically Pre-Formed Foaming Method 152
The anionic surfactant and the alkali activating solution were combined together (Fig.  153 1a) and then mixed at 1200 rpm for 5 minutes to form the foamed alkali activating 154 solution (Fig. 1b) . TMW and WG were dry-blended in a commercial mixer at 300 rpm 155 for 5 minutes, forming the precursor materials and the foamed alkali activating solution 156 was mixed into the precursor at 300 rpm for 5 minutes (Fig 1c) . Finally, Fig. 1d Fig. 4 shows the effect of 3% wt., 6% wt. and 9% wt. aluminium powder dosage on the 241 7-day compressive strength and density of the TMW-WG-FAAM sample made using 242 dosage of Na2O of 3.5% and 8% wt. mixing water. The sample density obtained with 243 3% wt. of aluminium powder was 1.52 g/cm 3 , which went on to decrease to 0.68 g/cm 3 244 and 0.6 g/cm 3 for 6% wt. and 9% wt. aluminium powder dosages, respectively. The 245 compressive strength also experienced a reduction by 67% from 9.2 MPa to 3 MPa, 246
Effect of aluminium powder content 240
respectively. The reduction in compressive strength with increase in aluminium 247 powder dosage was expected and due to the straightforward fact that more aluminium 248 powder was available to react with the SH, producing more H2 gas. Additionally, the 249 high reaction rate between the aluminium powder and SH would have also led to the 250 premature depletion of SH, reducing its availability for the required dissolution of 251 aluminosilicate precursors; a factor known to interrupt the attainment of mechanical 252 strength in AAMs [28] . It can also be deduced that the extent to which the foaming 253 action and thus reduction in density occurs is less dominant with the increase of 254 aluminium powder than with the increase of the alkali content i.e. %Na2O. The lattersolution the controlling factor in aluminium powder FAAMs. . It is the former open cell structure and larger 343 air to be trapped within the material, thus leading to a lower density and thus thermal 345 conductivity. 346
Using the images in Fig. 9a and 9b , a quantification of pore area distribution using the 347 variation of the pore area fraction along the depth of the specimens were also 348 performed. The images were divided into 2 mm deep x 22 mm wide strips, and the 349 pore area fractions in each of the strips were determined. The variation of pore area 350 shown in Fig. 9c corresponds to 
